The pharmacokinetics and tissue residue of tylosin in broiler chickens were studied after I.V. and oral administrations in a dose of 50 mg tylosin/kg.b.wt. Tylosin was obeyed a two-compartment open model following I.V. administration at a dose of 50 mg/kg.b.wt. The disposition kinetics of tylosin following I.V. administration revealed that tylosin was highly distributed with Vd(area) of 6 L/kg and eliminated with half-life (t1/2β) equal to 7.29 hours. The disposition kinetics of tylosin following oral administration revealed that the maximum blood concentration (Cmax) was 3.40 µg/ml attained at (tmax) of 1.08 hour. Tylosin was eliminated with half-life (t1/2β) equal to 5.78 hours. The mean systemic bioavailability of tylosin after oral administration was 90.29%. Following repeated oral administration of 50 mg tylosin base/kg.b.wt once daily for 5 consecutive days, the blood (µg/ml) and tissue (µg/g) residues of tylosin showed that liver, kidney and lung contained the highest tylosin residues and completely disappeared from those tissues at 6 days after the last oral dose. Chickens should not be slaughtered for human consumption within the treatment and 6 days after the last oral administrations of tylosin.
Introduction
Antibiotics, normally administrated via food or drinking water, are used by veterinarians for therapy, prophylaxis and growth promotion in broilers and laying hens. As a result there is concern that residues of this drug may be retained in meat or eggs from treated hens. It is therefore essential to obtain data for the target tissues for this drug in chickens [1] [2] . The macrolide antibiotics are a group of structurally similar compounds, most of which are derived from various species of Streptomyces soil-borne bacteria [3] . Tylosin is a macrolide antibiotic registered exclusively for veterinary use and was first described by [4] . Tylosin is active against Gram-positive bacteria, anaerobic bacteria and mycoplasmas [5] . It is indicated primarily for the treatment of chronic respiratory disease complex caused by Mycoplasma gallisepticum and synoviae in chickens and infectious sinusitis in turkeys [2] [6] [7] . Tylosin, erythromycin and tilmicosin have found the most clinical applications of the macrolide class in veterinary medicine. New derivatives such as azithromycin are increasing in popularity. Other macrolides such as oleandomycin and carbomycin have been used as feed additives for growth promotion in food animals [7] . The antibacterial action of tylosin is due to inhibition of protein synthesis by binding to the 50S, ribosomal subunit of organisms [8] [9] . Although most authors have listed macrolides as bacteriostatic at therapeutic concentrations [10] , they can be slowly bactericidal action with time dependent effects [11] .
Despite the extensive use of tylosin in poultry industry, limited information is currently available about pharmacokinetic disposition of tylosin in broiler [2] . Accordingly, the main purpose of this study is to investigate and provide an overview of the pharmacokinetics, blood and tissue residues of tylosin in Tylan Soluble ® to determine the withdrawal time in healthy broiler chickens.
Materials and Methods

Drugs
Tylan Soluble ® (Elanco, UK) is a water soluble powder dispensed as tylosin tartrate 100 g.
Experimental Design
Ten single comb white leghorn healthy broiler chickens (2 months of age) weighing 2000 -2250 gm were chosen from Tanta Poultry Farm, Egypt. They were kept individually in cages, within a ventilated, heated room (20˚C) and 14 hours of day light. They received a standard commercial ration free from any antibiotics for 30 days before starting the experiment (to withdraw any antibiotic residues) and water ad libitum. All procedures involving animals were reviewed and approved by the Institutional Animal Care and Use Committee (IACUC) of Cairo University.
Pharmacokinetics Study
Ten chickens were used to study the pharmacokinetics of tylosin following intravenous and oral administrations. Chickens were injected intravenously in the left wing vein with 50 mg tylosin base/kg.b.wt (from tylosin tartarate, Sigma Aldrich ® according to the product instruction). Chicken were left for 15 days to ensure complete excretion of the tylosin from their bodies and were administered orally (intracrop) with Tylan Soluble ® in a dose of 50 mg tylosin base/kg.b.wt.
Tissue Residues Study
Fifteen clinically normal Hubbard chickens of 2 -3 months, weighing 1800 -2200 g were chosen randomly from Tanta Poultry Farm, Egypt. Chicken were fed on a balanced ration free from antibiotic for 2 weeks to withdraw any antibiotic residues.
Tissue residue of tylosin in Tylan Soluble ® was determined following repeated oral administrations of 50 mg tylosin base/kg.b.wt once daily for 5 consecutive days. After the end of the fifth day of repeated oral administration, three chickens were slaughtered at 24, 48, 72, 96 and 120 hours for both drugs, respectively.
Blood and Tissue Samples
One ml of blood was collected from right wing vein after a single intravenous or oral administrations at intervals of 5, 15, 30 minutes, 1, 2, 4, 6, 8, 12 and 24 hours. Blood samples were collected in dry centrifuge tubes. Serum was separated by centrifugation (2000 r.p.m/10 minutes) and stored at −20˚C until tylosin assay.
After the end of the fifth day of repeated oral administrations of Tylan Soluble ® , three chickens were slaughtered at 24, 48, 72, 96 and 120 hours, from each slaughtered chicken, blood, lung, liver, kidney and muscles were taken for drug assay. Samples were frozen and stored at −20˚C until tylosin assay.
Analytical Procedure
The analytical procedure was described by Arret et al., 1971 [12] and modified by Tsai and Konda, 2001 [13] , a cylinder plate diffusion assay technique which used with a single layer of agar medium II (Difco). About 1 ml of the spore suspension of Bordetella bronchiseptica (ATCC 4617) obtained from the Department of Microbiology, Faculty of Veterinary Medicine, Cairo University, Egypt. The organism was added to 100 ml agar II (at 55˚C -60˚C). The mixture was shacked thoroughly till complete mixing of the test organism with the agar. Petri dishes (120 × 20 mm) with flat ad even bottoms were placed on a levels glass plate, and about 25 ml of inoculated medium was added to each dish by using a sterile cylinder (25 ml capacity) to form a thin layer of uniform thickness. After complete solidification six wells were made on the surface of inoculated agar using stainless steel cylinder with sharp edges (10 ± 0.1 mm length, 8 ± 0.1 mm outside diameter, and 6 ± 0.1 mm inside diameter) careful vertical punching creates ells that were clean and symmetric. A paper grid system under the plate facilitates the even spacing of the wells that allows for triplicate determination of standards and samples.
Three plates were used for each sample; three wells on each plate were filled with the reference concentration (5 µg of tylosin per milliliter free serum or phosphate buffer). The other three wells were filled with the sample (serum or tissues). The plates were incubated at 37˚C for 16 -18 hours. The diameter of each inhibition zone was measured. The average diameter of the inhibition zone of the samples was corrected by using the zone diameter of the reference concentration, the concentration corresponding to the corrected values of the zone diameter was obtained.
Pharmacokinetic and Statistical Analysis
The pharmacokinetic parameters of tylosin were calculated by using a non-compartmental software program (WinNonlin ® software, version 5.2, Pharsight Corporation, NC, USA). The area under the serum concentrationtime curve (AUC) was calculated using the trapezoidal rule with extrapolation to infinity. The maximum concentration (C max ) and the corresponding peak time (t max ) were determined by the inspection of the individual drug serum concentration-time profiles. The slope of the terminal phase of the time-concentration curve was determined by linear regression and converted to an elimination half-life (t 1/2β ) by multiplying the reciprocal by 0.693.
Bioavailability
The rate of absorption after oral administration was determined by comparing the area under the serum concen- Data were expressed as X ± SE and were statistically analyzed using analysis of variance. Mean comparisons were performed using Tukey's test. The differences were considered significant when p < 0.05. These calculations were performed using Prism 5.0 (GraphPad).
Results
The mean serum concentration-time curve of tylosin in Tylan Soluble ® following I.V. and oral administration is plotted and presented graphically in Figure 1 . The pharmacokinetic parameters of tylosin in Tylan Soluble ® following I.V. and oral administration of tylosin 50 mg/kg.b.wt in broiler chickens were calculated and showed in Table 1, Table 2 . The disposition kinetics of tylosin following I.V. administration revealed that tylosin was highly distributed with V d(area) of 6 L/kg and eliminated with half-life (t 1/2β ) equal to 7. Table 3 . Blood levels (µg/ml) and tissue concentrations (µg/g) of tylosin in Tylan Soluble ® following repeated oral administrations of 50 mg tylosin base/kg.b.wt once daily for five consecutive days in broiler chickens (n = 3), Mean ± S.E. indicated a good absorption from GIT which indicated that this formulation is advised to be given orally in case of acute systemic bacterial infections. Blood and tissue residues of tylosin in Tylan Soluble ® in slaughtered chickens following repeated oral administrations of 50 mg/kg.b.wt tylosin base/kg.b.wt once daily for 5 consecutive days are recorded in Table 3 . The represented data revealed a good spread distribution of tylosin in Tylan Soluble ® in lung, liver, kidney and muscles.
Blood and tissues
Discussion
Antibiotics are widely used as veterinary drugs or as feed additives to promote growth. Some studies had induced pharmacokinetic data in poultry [14] - [19] . Tylosin was obeyed a two compartments open model following I.V. administration at a dose of 50 mg/kg.b.wt. This result is consistent with [20] . Tylosin in Tylan Soluble ® was highly distributed with great extent to all tissues V c , V d area and V dss ; (exceeded one liter/kg). This correlated with the rapid transfer of tylosin from central compartment to the peripheral one (k 12 ) than its passage from peripheral to the central compartment (k 21 ) [21] [22]; a factor revealed that tylosin is the drug of choice for attacking the systemic infections caused by sensitive organisms.
Tylosin in Tylan Soluble ® following IV administration obeyed a two compartments-open model. This indicated that tylosin distributed in the body of chicken in two compartments; a central one which represent blood and highly perfused organs (kidney-liver-spleen-heart) and a 2 nd peripheral compartment which represented by skin and connective tissues [2] [23] .
The disposition kinetics of tylosin in Tylan Soluble ® following oral administration of 50 mg tylosin/kg.b.wt revealed that the maximum blood concentration [C max. ] were 3.40 µg/ml and attained at [t max ] of 1.08 hours and was eliminated with half-lives (t 1/2β ) equal to 5.78 hours. These results are consistent with those recorded in cows [24] and some avian species [25] - [27] . The higher volume of distribution of tylosin was also recorded in chickens [2] [22] .
The mean systemic bioavailability of tylosin in Tylan Soluble ® following oral administration was 90.29%. [2] and [28] stated that tylosin had good absorption from the GIT and no enteric coating is required to maintain the stability of the compound in the stomach. It is widely distributed to basically the same tissues as described for tylosin, metabolized by the liver and excreted via the bile and feces.
Blood and tissue residues of tylosin in Tylan Soluble ® in slaughtered chickens following repeated oral administrations of 50 mg tylosin/kg.b.wt once daily for 5 consecutive days revealed a wide spread distribution of tylosin in Tylan Soluble ® in lung, liver, kidney, muscles. Liver, kidney and lung contained the highest drug residues, while the lowest concentration showed in blood. Tylan Soluble ® was completely cleared from blood and all tissues at 5 days (120 hours) after the last dose. These data were consistent with those reported by [17] . [29] concluded and recommended that microbiological ADI of 6 µg/kg.b.wt (360 µg per 60 kg person) was established for tylosin.
Tylosin residues in Tylan Soluble ® was the MRLs approved by [30] . These results are consistent with those investigated in broiler chickens [2] [22] [26] .
Conclusion
The oral bioavailability of tylosin in Tylan Soluble ® indicated a good absorption from GIT. This indicated that Tylan Soluble ® is advised to be given orally in case of acute bacterial attacks in blood and other organs. In addition, chickens should not be slaughtered for human consumption within the treatment and 6 days after the last oral administration of tylosin in Tylan Soluble ® .
